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INTRODUCTION 
Observati ons have been that a relati onshi p exi sts between the 
levels of wi nter hardi ness and the di fferences i n  the RNA-degradi ng 
enzymes of wi nter barley, Hordeum vulgare L. (10, 1 1 , 12). In pursui t 
of  more i nformati on on these enzymes, Wong (33) puri fi ed a ribonuclease 
(RNase) from barley seedli ngs. The puri fi ed enzymes from each of two 
barley culti vars showed di fferent substrate speci fi ci ti es when evaluated 
by di nucleosi de assays. Wong's purifi cati on procedure, though effecti ve 
i n  puri fyi ng RNase, was lengthy and enabled puri fi cati on of only small 
amounts of RNase. Hawthorne et al. (7 ) usi ng RNase obtai ned by Wong's 
method of purifi cati on, showed that a RNase from two culti vars of wi nter 
barley possess si mi lar anti geni c determi nant si tes. He di d not however 
conclusi vely show that the RNase from these two sources were- physioche­
mi cally i denti cal. More defi ni ti ve molecular i nformati on was needed 
about the enzyme. 
The purpose of thi s research was to develop a more effi ci ent 
procedure that would enable puri fi cati on of adequate RNase necessary to 
further characteri ze the physi cal, chemi cal, and catalyti c properti es-of 
the enzymes i nvolved. Two culti vars of wi nter barley were selected 
because of previ ous observations showi ng di fferences i n  RNase amounts 
and types whi ch was related to freez� survi val potential (10,  1 1 , 1 2 ). 
Plant RNases from many speci es and culti vars of plants have been 
studi ed (2, 2 0, 31). Reddi (20) proposed a classi fi cation system for 
plant ribonucleases that was later extended by Wi lson (29). · All enzymes 
that cleave a polynucleotide can be i denti fied as ei ther a nuclease or 
2 
a phosphodiesterase. Wil.son classified plant nucleases into three main 
groups: {a) RNase I ,  {b) RNase I I , {c) nuclease I .  RNase is used to 
describe onl y those enzymes that are capable of hydrolyzing RNA. Both 
RNase I and RNase I I  split RNA by a transfer reaction to form 2'{3') ­
cyclic nucleotides. However, RNase I hydrolyzes only the purine cyclic­
nucleotides to produce a 3' nucleotide final product, whereas RNase I I  
hydrolyzes both purine and pyrimidine cyclic nucleotides to 3' nucleo­
tide final products. RNase I has an optimal pH of 5. 0 to 6. 0  whereas 
the RNase I I  optimum is pH 6. 0 to 7 . 0  {32) . Enzymes that can hydrolyze 
DNA and RNA are classed as sugar non-specific enzymes or nucleases. 
Partially purified RNase preparations have been obtained from 
various plant tissues, including roots, seed, shoots and leaves {2 ) .  
Efforts to obtain pure RNases from plant tissues have been generally 
unsuccessful; however, there are a few examples of reliable purifi­
cation. Maize endosperm RNase I has been purified 4, 600-fold by Wilson 
{27) , barley leaf RNase I was purified 29,000-fold by Lantero and 
Klosterman (1 5 ) , and mung be�n nuclease I was purified 45, 000-fold by 
Kowalski et al. {13 ) . Purification factors in these reports are of 
higher magnitude than those usually reported. 
The presence of isozymes unique to cellular locations in the 
tissue often lead to variability in reported properties of the plant 
nucleases (32 ) .  Most �tudies reported involve crude and vigorous homo-
. genizing techniques with no subsequent identification of the subcellular 
particles and associated enzymes. Non-specific binding of the enzymes 
and the variability found with different homogenizing media make it 
difficult to draw any conclusions about cellular function and 
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localization of the various R Nases. 
Conventional biochemical techniques, such as differential salt 
precipitation, column- chromatography and gel electrophoresis have been 
u sed for the separation and purification of plant nucleases. Wilson 
(27, 28) obtained preparations of R Nase I, R Nase II and nuclease I from 
the roots of corn seedlings. The three enzymes were isolated from homo­
genates by adsorption chromatography on a carboxymethyl-cellulose 
column. A citrate buffer of pH 6 . 0  was used to elute and separate R Nase 
I, R Nase II and nuclease I. Wilson characterized these enzymes on the 
basis of molecular weight, pH optimum, ionic requirement and electro­
phoretic mobility. 
Lantero and Klosterman (15) extracted R Nase from barley leaf 
tissue. They used a procedure consisting of ammonium sulfate 
fractionation, chromatography on Bio-Gel P-30,  Cellex-P, and Cellex-0, 
and then finally preparative gel electrophoresis. They reported two 
R Nase activity peak s. One was contaminated by D Nase and phosphomo­
noesterase activity and was discarded. The second peak, which was rela­
tively free of nucleases and phosp hoe�terases, had the properties of a 
R Nase I type enzyme. 
Oleson and Sasakuma (1 7 )  purified S1 nuclease from Aspergillus 
oryzae 1600-fold with a yield of 32%. The purification procedure in­
cluded ammonium sulfate fractionation, chromatography on DEAE-cellulose, 
Concanavalin A - Sepharose, Sephadex G-100 gel filtration and finally 
phenyl - Sepharose. The S1 nuclease was reported to be a glycoprotein 
with an associated nucleotidase activity. 
C1apham (5) obtained a 2500-fold purification of nuclease I 
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enzyme, from Tradescantia leaves, with a 50% yield in three steps. The 
procedure consisted of ammonium sulfate fractionation, 70 C heat 
treatment followed by Concanavalin A -Sepharose chromatography. He 
reported the nuclease to be a glycoprotein. 
Cuatrecasus et al. (6)  reviewed the use of affinity chroma­
to-graphy for se 1 ecti ve enzyme puri fi cation. In affinity chromatography, 
the enzyme to be purified is passed through a column matrix having a 
covalently attach_ed specific competitive inhibitor of the enzyme bound 
to it. Such inhibitors compete with th� substrate for the active site 
of the enzyme but, once bound, cannot be catalyzed by the enzyme. Since 
substrate is not present in the column buffers, the covalently attached 
inhibitor acts as a l-igand to bind the enzyme. All proteins without 
specific affinity for the matrix bound inhibitor pass directly through 
the column. The bound enzyme can then be eluted in pure form by 
changing such parameters as salt concentration or pH, or by addition of 
a competitive inhibitor as an elutant (6). Jervis used 2• , (31) guano­
sine monophosphate, a potent inhibitor of tobacco R Nases, attached to 
Sepharose to purify tobacco R Nase I (9 ) .  He obtained a 5850-fold puri­
fication from partially purified tobacco R Nase preparations. 
Janski and Oleson (8) reported that nicotinamide adenine 
dinucleotide phosphate ( NADP ) , immobilized on agarose, was an effective 
affinity adsorbant for.many nucleases. The nucleases they tested 
included tobacco extracellular nuclease, mung bean nuclease, staphylo­
coccal nuclease, pancreatic R Nase and barley leaf R Nase. 
Wong (33) achieved a 140-fold purification of barley shoot R Nase 
without the use of affinity chromatography as a final step. Hawthorne 
et al . (7} u sed serolog i cal techn i q ues , to show thi s RNa s e  fract i on to 
be homo geneou s .  
It was su rmi s ed that the  l ow speci f i c  act i vi ty obt a i ned by Won g  
mi ght be exp l a i ned by t h e  p re sen�e o f  la rge amou nt s  of i nact i ve enzyme 
w h i ch cou l d be removed by an affi n i ty p rocedu re . A pu ri f i cat i on p roce ­
du re was adopted i n  th i s  rep o rt that used fou r di ffe rent p ropert i es of 
p rote i ns  fo r enzyme i s olat i on .  The fou r p rope rti�s explo i ted we re: a ) 
d i ffe rent i al solu b i l i ty , b ) n et cha rge , c ) molecula r we i ght and d ) 
act i ve s i te speci f i ci ty .  Techn i ques used i nclu de ammon i um su l fate 
-
fract i onat i on ,  i on -exchange ch romat ography , gel fi lt rat i on and affi n i ty 
ch romatography, respect i ve ly . 
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MATER IALS AND METHODS 
Plant Materials. Seed from two winter barley cultivars, 
Hordeum vulgare L. cv. "Dick too" and .. Tennesee Winter .. , were germinated 
in 200 ml of 0. 1 mM CaCl2. Adequate seed were started to produce 275 g 
of shoot tissue from each cultivar after four days germination. The 
seed were spread uniformly on the blotter paper in a plastic tray which 
was then covered with opaque plastic. Seed was allowed to germinate 
for four days in a constant temperature chamber at 25  C .  The ger­
mination time used for Dick too seed was .two to three hours less than 
that for Tennesee Winter. This germination procedure produced shoot 
tissue of uniform length for both cultivars. 
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The purification schedule (Figure 1) which follows was designed 
for handling 275 g of harvested tissue in steps 1 and 2 of purification. 
Two samples from step 2 were pooled for use in steps 3 to 7. Al l steps 
were performed at 2 to 4 C unless otherwise stated. 
Step 1. Preparation of Soluble Protein Extract. Ten trays of 4-
day seedlings were prechilled in a cold room for at least 10 to 15 minu­
tes before harvest. Harvested shoots were divided into four lots, 
wrapped in a double layer of aluminum foil and frozen i n  powdered dry 
i ce. The frozen shoots were pulverized using a prechilled pestle and· 
mortar. The pulverized tissue was transferred to a beak er and mixed 
with 100 g of insoluble polyvinylpyrrolidone ( PVP) and 50 ml of extrac­
tion medium. PVP was purified by boiling in 10% hydrochloric acid for 
at least 30 minutes, then washed with glass distilled water ·and finally 
equilibrated with tissue extraction medium before use. Extraction 
medium consisted of 2 50 mM sucrose, 600 mM ammonium sulfate, 20  mM 
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magnesium acetate, 5 mM 2 - mercaptoethanol and 50 mM MES buffer, pH 6.5. 
In order to facilitate thorough tis sue extraction, the slurry of 
pulverized tis s ue, PVP and extraction medium was mixed in a beaker after 
being warmed to 0 C. The slurry was filtered through a single layer of 
Mi racloth fitted to a Buchner funnel. Rinsing the slurry allowed about 
425 ml of filtrate to be collected for preparative centri fugati on. The 
filtered sample was centrifuged for three hours at 143, 000g (O C) in a 
Model 35 rotor of a Spinco L-2 centrifuge. 
Step 2. Ammonium Sulfate Fractionation. The supernatant frac­
tion (415 ml) was mixed with solid (NH4)2S04 to 40% saturation. After 
30 minutes, the suspension was centrifuged at 22, 000g for 15 minutes and 
the precipitate was discarded. Solid (NH4)2S04 was again added to the 
s upernatant to 80% s aturation, and after three hours the sus pens ion was 
centrifuged a second time. The supernatant was discarded, and the 
pellet dis solved with 20 ml of 50 mM Tris buffer, pH 7.4. 
Step 3. Combining Samples . Two 80% (NH4)2S04 precipitates , each 
dis solved in 20 ml of buffer, were combined and enough 100% s aturated 
(NH4)2S04 solution was added to make a 40% (NH4)2S04 suspension. After 
30 minutes , the suspens ion was centrifuged at 22, 000g for 15 minutes · 
and the precipitate was discarded. Solid (NH4)2S04 was added to the 
.s upernatant to 75% s aturation, and after three hours the suspens ion was 
again centrifuged. The supernatant was discarded and the precipitate 
dis solved with 20 ml of 50 mM Tris buffer, pH 7.4. 
Step 4. Desalting by Column Chromatography. The dis solved 
precipitate was des alted on a column cf P-6 DG (Bio-Rad). The bed 
di mensions were 2x35 em having a total volume of 110 ml. A 50 mM 
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Tris -HCl buffer, pH 7. 4 was used to equilibrate the column and also to 
elute the protein peak. The protein peak was collected by measuring 
effluent abs orbance at 280 nm following the void volume. 
Step 5. Ion-Exchange Chromatography. A 2.5x3 em bed of DEAE -
Sepharose (Sigma) was used to bind RNase from the extracts of two.275 g 
batches of tis s ue. The ·column was equilibrated with 50 mM Tris -HCl buf­
fer, pH 7. 4, containing 0. 01% Triton X-100. After the P-6 DG des alted 
fraction was layered onto the DEAE - Sepharose column, 2 50 ml of 
equilibration buffer was used to was h the column content. This buffer 
was h was followed by approximately 1500 ml of equilibration buffer con­
taining 20 mM KCl. Elution of the protein peak, having ribonucleas e 
activity, was accomplis hed with the equilibrating buffer containing 500 
mM KCl. The elution step was terminated when the absorbance of the 
effluent dropped below 0.20 A2 80· About 35 ml were collected from the 
column containing the RNas e fraction. This fraction was prepared for 
the next step by desalting on a 2x35 em bed of P-6 DG equilibrated with 
50 mM Tris -HCl buffer, pH 7.4. The desalted fraction was s hell-frozen 
in a flas k and lyophilized. 
Step 6. Bio-Gel P-100 Gel Filtration Chromatography. A 2.6 em 
diame�er column was filled to 94 em with Bio-Gel P-100 equilibrated with 
a buffer containing 50 mM Tris -HCl, pH 7.4, 125 mM sucrose, and 100 mM 
KCl. The lyophilized sample from DEAE - Sepharose chromatography (Step 
5) was hydrated in 2 to 3 ml of the equilibrating buffer and layered 
onto the column. The flow rate was approximately 8 ml per hour and 
fractions of 2.5 ml were collected. Fractions containing two dis tinct 
peaks of ribonuclease activity were pooled separately and the samples 
were desalted and lyophilized as previously des cribed (Step 5), thereby 
preparing the sample for the next step. 
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Step 7. Affinity chromatography. A 1.25 x 1.5 em bed of Agarose 
s• -(p-aminophenyl phosphoryl) uridine 21 (31) phosphate (APUP-agarose) 
purchased from Miles -Veda Ltd., was equilibrated with 20 mM KAc buffer, 
pH_5.0 containing 0.0 1% Triton X-100. A lyophilized sample from gel 
filtration (Step 6) was diss olved in 5 ml of equilibrating buffer and 
layered onto the column. The column was was hed with approximately 25  
bed volumes of equilibrating buffer. Elution of the purified ribo­
nucleas e activity was accomplis hed with the equilibrating buffer con­
taining 500 mM KCl. 
Concanavalin A - Sepharose  Column Chromatography. Concanavalin 
A - Sepharos e (Con A), obtained from Sigma, was poured to a 4 em height 
in a 2.5 em dia. column and was equilibrated with 50 mM Tris -H Cl buffer, 
pH 7.4 containing 10 mM CaCl2 and 0.0 1% Triton X-100. The column was 
was hed with equilibrating buffer until the A 2 80 of the effluent was 
0.10 or les s compared to a buffer blank. Effluent fractions collected 
during the initial application of the sample contained RNase activity· 
that was not bound by the Con A. The RNase activity retained by the. 
column was eluted with the equilibrating buffer containing 500 mM � -
methyl�D-mannoside. Thus, two fractions of RNase were obtained by this 
s tep. 
SDS - Acrylamide Electrophores is. The dis continuous SDS buffer 
s ystem described by Laemmli (14) was followed with some modifications . 
Gel slab demensions were .75 x 160 x 1 80 mm. The separating gel con­
tained 10. 0% acrylamide (Eastman), 0.26% bisacrylamide (Eastman), 0.1% 
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SDS, 375 mM Tris -HCl, pH 8.8, 0.033% ammonium persulfate, .033% (V/V) 
TEMED (Eas tman). The stacking gel contained 4.0% acrylamide, 0.1% 
bisacrylamide, 0.1% SDS, 12 5 mM Tris-HCl,. pH 6.8, 0.008% arrmonium 
persulfate, 0.005% TEMED. Samples, containing 20 to 40 ug of protein, 
were mixed 1: 1 volume ratio with sample buffer containing 125 mM 
Trjs-HCl, pH 6.8, 4.0% SDS, 10.0% 2-mercaptoethanol, 0.0 1% bromphenol 
blue and 40% s ucrose. Samples were heated for two minutes at 100 C, 2 5  
to 75 ul aliquots were applied to the gels . Electrode buffer containing 
19 mM glycine, 2 5  mM Tris -HCl, pH 8.5, and 0.1% SDS was used in both 
electrode chambers. Electrophores is was conducted at 40 rnA with 
variable voltage. until the bromphenol blue tracking dye reached the bot­
tom of the gel. Duration of electrophoresis was about 2.5 to 3 hours . 
Protein was . silver stained following the method of Morris sey 
(16). Gels were prefixed in a shallow pyrex dis h in a 50% methanol and 
10% acetic acid solution for 30 minutes. The gels were then fixed for 
30 minutes in 10% glutaraldehyde and soaked in a large volume of glas s 
distilled water overnight. The next day, gels were soaked in 5 ug/ml 
dithiothreitol for 30 minutes and then treated with a 0.1% s ilver 
nitrate solution for 30 minutes. After silver nitrate treatment, the 
gels were rins ed once rapidly with a small amount of glas s dis tilled· 
water and then twice rapidly with a small amount of developer. Gels 
were soaked in developer containing 3% s odium carbonate and 0.0 185% for­
maldehyde until the desired level of staining was attained. Staining 
was stopped by adding 2.3 M citric acid. 
Protein Determination. Protein was determined by the method of 
Bradford (4). For this analysis, Bio-Rad reagent was used with bovine· 
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serum albumin as the standard. In some cases, monitoring column ef-
fluents at 280 nm was also used as an approximate measure of protein 
distribution. 
Ribonuclease Assay . Ribonuclease activity was measured using 
the procedure described by Tuve and Anfinsen (24}, with modification. 
The reaction mixture consisted of 50 mM potassium acetate, pH 5. 5, 160 
mM KCl, 4 mM EDTA, 4 mg of yeast R NA (Crestfield preparation}, and the 
enzyme solu ti on. The final volume of the reaction mixture was 2 .5 ml. 
Two milligrams of yeast R NA were used per tube in routine assays of the 
effluent fractions from column chromatography. The reaction mixture was 
incubated for 30 minutes at 37 C in a water bath. After incubation, 
the reaction mixture was cooled immeditaely to 0 C and the reaction was 
stopped by the addition of 0 . 5  ml of 25% perchloric acid containing 
0 .75% uranyl acetate. The tubes were centrifuged for 10 minutes at 
2 , 200g (0 C). A 20-fold di lution of 0 . 2  ml of the enzyme reaction was 
made using glass-distilled water. The absorbance of the diluted samples 
was read at 260  nm. 
Wilson (31) defined a standard unit of enzyme as that amount of 
R Nase which releases one A260  uni t of acid-soluble nucleotide/ minute in 
a volume of 1 ml. Si nce the standard assay volume + precipitant= 3. 0 
ml and the A260  unit is  defined for 1 ml, this is equivalent to a dilu­
tion factor of 3. The calculations used were modified to reflect this 
dilution : 
u n i ts/m l/m i n= 
A2 60 x (3. 0 ml + 1.0 ml) x (dilution factor) 
(ml of enzyme ) x mi nute s  
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Nu c l ease  As s ay Nuc l ease  acti vity was a l s o  meas u red under the 
s ame as say condi ti ons  as fo r ri bonuc l ease , except th at DNA was the 
s ubstrate and 60  mM MgCl 2 was added to the react i on mi xt u re .  S� l mon  
s pe rm DNA was boi l ed fo r 20  m i nutes and  coo l ed rap i d l y  on  i ce to  dena­
t u re .  After the as s ay , fo l l owed by cent ri fugat i on ,  the  supe rnata nt was 
dtl uted 20-fo l d and  the abs o rbance was read at 260 nm . 
Phosphomonoesterase  As say The act i vity of phosp homoneste rase 
was  measu red wi t h  the  method descr i bed by Won g  ( 33 ) . The reacti on mi x­
t ure cons i sted of 0 . 4 m l  of 125 mM potassi um acet ate bu ffe r pH 5. 0, 0.5 
mM p-n i trop heny l phos phate ( p NPP ) and  enzyme sol uti on to p ro v i de a fi n a l  
v o l ume o f  1 m l . A n  i ncubat i on peri od o f  3 0  m i nutes at 37 C was  used for 
t h e as say .  The reacti on was stopped by coo l ing  the react i on mi xtu re 
to 0 C and addi n g  0 . 4 m l  of 300 mM sod i um hydroxi de . Abs o rba n ce of the 
resu l tin g so l uti on  was read at 420 nm as a meas u re of enzyme acti v i ty .  
The pNPP i s  cat a l yzed by seve ra l  enzymes (17). Therefo re , the con ven ­
t i on was adopted of us i n g 11p NPPase11 to desc ribe the co l lective acti v i ty of 
these enzymes . 
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RESULTS AND DISCUSSION 
A RNase was purified from two cultivars of winter barley, 
Hordeum vulgare L. cv. 11 Dicktoo11 and .. Tennessee Winter"; these two 
cultivars represent the extremes in freezing survival potential when 
properly cold acclimated. However, the seedlings used in this study 
were not cold acclimated, therefore differences found in RNase charac­
teristics are genotypically inherent in these cultivars and not induced 
by low temperature. 11 Hardy11 and 11 non-hardy11 cultivar will be used 
hereafter as conventional descriptions when referring to Dicktoo, a 
cultivar ranked among the most freeze resistant in Hordeum and Tennessee 
Winter one which is most susceptible to freezing. These conventions 
emphasize potential hardiness levels in the two cultivars. By contrast 
the major attention given by others has been on the physiological deve­
lopment of this potential. The research described here focused on 
freeze selection effects apart from those due to acclimation. 
Purification of RNase. · The purification procedure was developed 
from modification of methods used by several others (1 5, 26, 33). 
Approximately 60% of the total RNase activity was precipitated from 
the crude tissue extract between 40 and 80% (NH4l2S04 saturation� 
RNase yield was a compromise between recovery of enzyme and the degree· 
of contaminant removal. This (NH4)2S04 fractionation resulted in a 40% 
loss of enzyme activity, but a 3-fold increase in specific activity 
(Tables 1 and 2). The salting-out procedure also permitted a volume 
reduction of the crude extract, allowing for more convenience in the 
liquid chromatography procedures that followed in purification. 
DEAE - Sepharose was selected for ion-exchange chromatography 
410429 
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i nstead of th e Sephadex mat ri x used by Won g  { 33 ) , because of the h i gh 
amount of non -speci f i c bi ndi n g  as soc i ated wi th the Sep hadex ( Kenef i ck ,  
unpub l i s hed data ) . 
B i ndi n g  stud i es dete rmi ned that ove r a pH ran ge of 6 . 0 t o  8. 0, 
pH  7 . 4 a l l owed fo r the ma xi mum bi nd i n g  of the R Na s e  acti v i ty to the 
co l umn . Some R Na s e  acti vi ty was not abs orbed by the co l umn; thi s non­
absorbed fract i on typ i ca l l y  conta i ned l es s  than 3% of the tota l 
a ct i v i ty and was di s ca rded . A l arge vo l ume of buffer was requi red to 
was h  the co l umn of res i dua l pNPPas e  act i vi ty before the abs o rbed R Nase  
a ct i v i ty was e l uted wi th 500 mM  KC l . 
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Th e fi rst attempts  at DEAE - Sepharose ch romatogra p hy gave l ow 
y i e l ds of RNa s e  acti v i ty .  Due to the l ength of ti me th e enzyme was re­
q u i red to be on the co l umn th rou gh the was h i n g  p rocedures , i t  was 
thou ght that th e enzyme may be i rrevers i bl y  bound to DEAE o r  became in­
a cti ve . However , act i v i ty decay cu rves i n  the absence of DEAE , showed 
the enzyme to be stabl e ove r 18 hours both at 4 C and at 37 C .  Ful l  
retent i on of enzyme act i v i ty unde r these cond i t i ons  i nd i cated th at the 
probl em was not decay i n  cata l yt i c fu nct i on or due to p roteas e  deg rad� 
at i on .  Th e second pos s i bi l i ty i n vest i gated was that of an  i r reversibl e 
a ds orpt i on  of the enzyme to the  matri x and/or the g l a s s  co l umn . Suelte r 
a nd Deluca { 23 ) repo rted that Tri ton X- 100, a non - i o n i c dete rgent , was 
effecti ve i n  preve nt i n g  non -spec i fi c  ads orpti on of p rotei ns . By 
i nc l ud i n g  Tri ton X- 100 i n  the DEAE -Sepharose e l ut i on buffer , en zyme 
recove ry·wa s i nc reased about 2 -fo l d for each cu l ti var ( Tabl e· 3 ) . 
Ge l  fi l t rati on on B i o-Ge l P- 100 res u l ted i n  the i denti f i cation 
of th ree peaks of RNa s e  acti v i ty fo r each cu l tiva r  ( Figure 2 and 3 ) . 
15 
The first peak eluted, fractions 10  to 20, typically contained less than 
5% of the total RNase activity and was heavily contaminated with extra­
neous protein, pNPPase activity and was yellowish in color typical of 
the applied sample. This first peak was discarded. The second gel 
filtration peak ( GF-Prr) in fractions 30 to 45, was relatively free of 
extraneous protein indicated by a lower 280 nm, but was primarily con­
taminated by pNPPase activity. The third gel filtration peak (GF-Prrr) 
eluted in fractions 60 to 70 for the hardy cultivar and 50 to 6 5  for the 
non-hardy cultivar also had no detectible contaminating proteins ( 2 80 
nm) and contained low levels of pNPPase activity. 
A comparison between the elution profiles for the two cultivars 
shows a unique difference in the distribution of RNase activity between 
GF-Prr and GF-Prrr ( Table 4). The non-hardy cultivar showed almost 
equal distribution between the two peaks, GF-Prr contained 2 7% of the 
total activity applied to the column and the GF-Prri contained 35%. The 
GF-Prr for the hardy cultivar contained 67% of the total activity and 
GF-Prrr contained only 1 6%. Wong ( 33) and Hawthorne et al. ( 7) also 
found three peaks of RNase in preparations from these two cultivars 
after P-100 gel filtration, despite using vastly different approaches to 
purification prior to this step as reported here. 
The final step in the purification procedure was affinity 
chromatography. Affinity chromatography of RNase has been used success­
fully by several investigators ( 8, 9, 26) to obtain purified enzyme in 
high yield. Prior to this final stage in purification, the concen­
tration of contaminating protein was low, but considerable pNPPase 
activity was still present ( Figures 2 and 3). 
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Three affinity resins were tested for their ability to separate 
the pNPPase activity from the RNase activity: ( a) cAMP-agarose� { b ) 
NADP-agarose and (c) · APUP-agarose. Yang ( 34) reported using 
cAMP-agarose to purify three phosphatases to a high specific activity. 
Several attempts were made to bind the pNPPase activity to the 
cAMP-agarose column with the expectation that pure RNase activity would 
be present in the column effluent. I found that both the RNase and 
pNPPase had a strong affinity for the cAMP-agarose and could not be 
easily separated by this method. This might be an expected result 
because Reddi ( 20) sugg_ested that eye 1 i c nuc 1 eot ides are substrates of 
RNase. 
NADP-agarose did allow separation of GF-Prri RNase from the 
pNPPase, but the recovery of pure RNase was low. APUP-agarose was the 
affinity resin of choice, because it allowed for good separation of the 
pNPPase and RNase, along with a high yield of RNase. 
Figure 4 shows representative GF-Prrr elution profiles on 
APUP-agarose for both cultivars. Small amounts of contaminating protein 
were removed from the RNase, and presumedly inactive forms of the enzyme 
as well. RNase of both cultivars was effectively purified by this pro­
cedure ( Tables 1 and 2). The fractions were designated RNase-PIIIH and 
RNase-PillNH• 
The identification of the purified RNase-PIII was based upon 
Wilson•s criteria { 29). The RNase-PII I activity from both cultivars 
was ·not i nhi bi ted by EDTA as opposed to that reported for nu·c 1 ease I. 
Both RNase-PII IH and RNase-PIIINH corresponded in electrophoretic mo­
bility to RNase I from corn roots ( 28, 2 9, 30, 33). Wilson ( 32) reports 
a range of pH 5.0 to 6.0 for optimum RNase I activity. The pH optimum 
for both RNase-PIIINH and RNase-PIIIH was found to be pH 5.4 ( Figure 
1 0) . On the basis of this data I have determined RNase-PIIIH and 
RNase-PIIINH to be RNase I. 
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The GF-P11 fraction of both cultivars contained high amounts of 
pNPPase. An attempt was made to remove the pNPPase before gel 
filtration. The data in Table 2 suggests that perhaps hydrophobic 
interactions contributed to low RNase recovery because Triton X-100 
improved enzyme yield. The large amount of buffer required to wash the 
residual pNPPase activity off the column also suggested hydrophobic 
interactions may have affected separation. 
The high ionic strength used for our extraction of RNase likely 
removed some membrane proteins ( 2 1 ) ,  inc 1 udi ng phosphatases .• Phos­
phatases are associated with cell membranes as glycoproteins (1) and 
pNPP serves as a synthetic substrate for these enzymes (17) . Therefore, 
Con A affinity chromatography was attempted as a means to remove from 
GF-Prr some of these extracted glycoproteins, including those having 
pNPPase activity. Con A did bind some pNPPase activity, but it also 
retained a sizeable proportion of the total RNase recovered from high 
salt extracted tissue. Attention was therefore directed to the possibi­
lity of this plant RNase also being a glycoprotein. 
There was a significant difference between the amount of RNase 
bound by Con A for the two cultivars ( Table 5). The differential 
distribution of RNase in the two cultivars shown by gel filtration 
( Table 4) and also their division into a bound and unbound fractions by 
Con A ( Table 5), suggested that these two procedures were separating 
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two enzymes by different molecular properties that could be useful in 
purification. Such a possibility could be demonstrated by inserting Con 
A chromatography into the procedure prior to gel filtration. 
Figure 5 shows a gel filtration elution profile of th� RNase 
fraction from the non-hardy cultivar that was previously bound by Con A. 
The second prominent peak of RNase activity, fractions 35 to 45, was 
in approximately the same position as GF-Prr of a protein preparation 
not subjected to Con A chromatography ( Figure 2 ) .  Figure 5 also shows a 
trailing peak of RNase. It typically contained one tenth the amount of 
RNase found in the second peak . Subsequent studies showed it to be 
GF-P111 RNase that could be removed by thorough rinsing of the Con A 
column. 
Figure 6 shows the gel filtration elution profile of the RNase 
fraction from the non-hardy cultivar that was not bound by Con A. There 
was only one RNase peak eluted from the gel filtration column when this 
sample was chromatographed. The position of the peak corresponds with 
the position of GF-P111 not previously subjected to Con A chromatography 
( Figure 2 ) .  RNase corresponding to GF-Prr was not present in this gel 
filtration effluent, indicating that only the GF-Prr fraction was 
totally bound by the Con A. Figures 7 and 8 show similar results for 
P-100 gel filtration of RNase fractions from the hardy cultivar. The 
Con A bound and non-bound RNase fractions of the hardy cultivar 
corresponded to GF-Prr and GF-Prrr, respectively. The amount of RNase 
activity found in the single peaks of Figures 7 (GF-Prr) and 8 ( GF-Prrr) 
relate well to t�e amount of GF-Prr ·and GF-Prrr present after gel 
filtration as reported in Table 4. This data conclusively shows that 
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GF-PII was bound by Con A indicating that it is a glycoprotein. 
Con A chromatography provided new information about the 
GF -PI I RNase in p 1 ants, however, it did not meet the ori gina 1 objective 
of separating the pNPPase from this fraction. Attempts to separate the 
pNPPase from the GF-II by Con A or other methods were not successful. 
GF-PII was not retained by the NADP-agarose in contrast to GF-Prii· 
GF-PII was bound to APUP-agarose, however, it was impossible to remove 
it from the column using 500 mM KCl, 30% ethylene glycol or 20 mM 
Tris-HCl pH 7.8. Other approaches will be required to further purify 
GF-PII· 
The GF-P11 and RNase-PIII fractions were assayed with DNA as a 
substrate to determine DNase and/or nuclease activity. These fractions 
were shown to be RNA specific and were not inhibited by EDTA (Table 6). 
GF-P11 fractions showed slight residual DNase and/or nuclease activity 
but this could be expected with the impurities still remaining in the 
fraction. 
The pH optimum for GF-PII RNase was found to be pH 6.2 (Figure 
10). Wilson (29) reports a range of pH 6.0 to 7. 0 for optimum RNase II 
activity. On the basis of the pH data, and the absence of contaminating 
nuclease, I have identified GF-P11 �s RNase II. Affinity .of the 
GF-P11 fractions for Con A and their elution from the immobilized lectin 
i 
by a-methyl-D-mannoside presents new information that suggests barley 
RNase II is a glycoprotein. 
Electrophoresis on SDS-acrylamide gels was used as a criteria for 
purity. Figure 9 shows a gel silver-stained for protein. The lanes 
containing GF-Pri (lanes d and f) show several proteins still present in 
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the preparation� GF-Prri (RNase fraction prior to affinity chroma­
tography in lanes e and g) show some contaminating proteins still pre­
sent at this stage in purification. The final preparation of RNase-PIII 
(lane h) shows only a single band of stained protein. 
In previous studies on barley shoot tissue, Wong (33) concluded 
that the non-hardy cultivar contained much higher RNase activity than 
did the hardy cultivar. ·This conclusion was based on activity measure­
ments of only pu�ified RNase I. Hawthorne et al. (7) applied serologi­
cal techniques to characterize RNase r-from barley shoots, using Wong•s 
method to obtain pure RNase. Antibody against GF-Prii (RNase I) was 
developed in rabbits. Hawthorne et al. (7) demonstrated-with rocket 
immunoelectrophoresis that crude extracts from the hardy cultivar con­
tained as much RNase as did
. 
crude extracts from the nonhardy cultivar. 
This serological procedure detects molecular forms of RNase and is not 
dependent on activity measurement. Subsequent unpublished results 
(Hawthorne) showed that both GF-Prr and GF-Prrr were cross-reactive with 
anti-GF-Prrr, indicating that in crude extracts both forms of RNase were 
measured by serology. Though RNase amounts were the same, catalytic 
rate still appeared to be lower for RNase from the hardy cultivar (7). 
Because of the carbohydrate moiety, · it may be possible however, that 
GF-Prr is difficult to recover from the tissue extract and could be 
lost without proper p�ecautions in the purificatiori steps, leading to 
lower recovery from the hardy tissue. 
Table 3 shows that the effect of Triton X-100 addition during 
ion exchange resulted in equal amounts of RNase recovered for each 
cultivar. However, in the absence of Triton X-100, the yield of enzyme 
was lower from the hardy cultivar, indicating greater difficulty in the 
recovery of the glycoprotein RNase II. Thus, detection of RNase from 
plant tissue may be influenced by the type of RNase present (Table 4), 
and measurement at its optimum pH (Table 10). 
The purification method developed for this study allowed us to 
is.olate both RNase I and RNase II. Activity measurements indicate that 
the non-hardy cultivar has, as a percent of total activity, a higher 
amount of RNase I. compared to RNase II (Table 7). The hardy cultivar 
has the reverse situation, that of low amounts of RNase I and high 
amounts of RNase II. This differential enzyme distribution is a fixed 
trait whith is not dependent upon cold acclimation. 
These results lead to the speculation that the hardy cultivar has 
more RNase associated with membranes and less free enzyme in the 
cytoplasm than does the non-hardy cultivar. Some alternative explana­
tions for this differential distribution of RNase might be: 
A. In barley a dynamic equilibrium may exist between RNase I 
and RNase II that controls the amount of RNase soluble in the cytoplasm. 
Hawthorne (unpublished data) showed that GF-PII (RNase II) and 
GF-PIII (RNase I) had the same antigenic sites. Since the carbohydrate 
component does not influence cross-reactivity (1 8), one can conclude 
that RNase I and RNase II in barley have the same amino acid composition 
and likely come from the same DNA sequence. Plummer. and Hirs (19) 
shm1ed that pancreatic RNase A and RNase B (a glycoenzyme) have essen­
tially the same sequence of ami no acids and the same catalytic 
properties. Results reported here suggest that RNase may be in an 
interchangeable pool in plant cells similar to the RNase A and RNase B 
found in rat liver cells. Perhaps RNase functions as some cellular 
signal, similar to that found in animal cells by Baynes and Wold (3). 
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B. Increased amounts of glycoproteins in membranes of hardy 
cultivars may serve some functional purpose such as increased stability 
or to facilitate transport in membranes. Following a lethal frost, 
there is often a loss in the semipermeability properties of the plasma 
membrane in plants. This has led to the belief that the plasma membrane 
is the primary site of freezing injury (35). It has been demonstrated 
that glycoproteins in plasma membrane are responsive to cold adaptation 
of rye (2 5). 
C. Perhaps the hardy cultivar has smaller cells, or higher con­
tent of membranes per cell, and thus more membrane per unit of tissue. 
The hardy cultivar may therefore contain more RNase II bound by mem­
branes. 
Any of these possibilities could explain the distribution of 
RNase as presented in this report. These results maybe significant 
if it can be assumed that the RNase variance is a result of freeze 
selection. This possibility is supported by previous evidence presented 
on winter barley (10, 1 1 ,  1 2 ) .  
There is mounting evidence to i ndi c·ate that membranes are inti­
mately involved in freezing injury (25). Yoshida (35) has demonstrated 
that membrane lipid unsaturation which causes fluidity is not related to 
the development of cold hardiness. He presented evidence that changes 
in membrane protein may have a role in freeze survival. Glycoprotein 
changes during cold acclimation may suggest an alteration in function 
(25}. Plasma membranes undergo a phase transition related to freezing 
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injury; as cold·hardiness increases the phase transition temperatures 
are shifted downward. This transition appears to depend not on the 
lipids, but primarily on membrane proteins (35), which have the effect 
of preventing lipid chains from crystallizi ng (22). Further information 
on protein changes in plasma membranes duri ng cold acclimation is still 
required. 
This report presents evidence that RNase II is a glycoprotein in 
winter barley and appears to vary in proportion to the intensity of 
freeze selection. The variation that exists is inherent to the cultivar 
and not induced by low temperature. These findings should aid in 
understanding the function of these enzymes in winter barley 
cultivars and establishing their roles in relation to freeze survival 
potential. 
Results in this paper present a purification method that can be 
used for the isolation of at least two fractions of RNase from barley 
shoot tissue. One fraction, RNase P-III from both the hardy and non­
hardy cultivar, was identified as being RNase I type enzyme. RNase I 
was purified 2680-fold with a yield of 7% from the non-hardy cultivar 
and 1772-fold with 3% yield from the hardy cultivar (Tables 1 and 2)._ 
This report also presents the first evidence to our knowledge for a 
RNase from plants that is a glycoprotein. GF-PII was identified, by the 
use of Con A, as a glycoprotein. The complete purification of GF-PII 
has yet to be accomplished. 
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Ta b l e  1 .  Pu r i f i cat i on of Ba r l ey R Na s e  from the non -ha rdy c u l t i va r .  
V o l ume 
Fraction (ml) 
1.  Centrifuge 41 5  
Supernatant 
2. 40- 80% {NH4) 2S04 Cut 20 
Two (NH4)2S04 Cuts Were Pooled 
j .  40-75% (NH4) 2S04 Cut 
4. Desalted Step 3 Sample 
5. Ion -exchange Eluant 
6. Gel Filtration 
a) GF-P I I  (RNase I I ) 
b )  GF-P I I I  (RNase I) 
7. Affinity Chromatography 
RNase- P I I INH 







Enzyme Total Protein* 
Units* (mg) 
1 538 582 
956 121  
1824 216  
















* See Materials and Methods for definition of an enzyme unit and protein determination. 













Ta b l e  2 .  Pu r i fi cat i on of Ba r l ey R Na s e  from t h e  ha rdy cu l t i va r .  
V o l ume 
· F ract i on (ml) 
1. Centrifuge 415 
Supern a t a nt 
2. 40-80% (NH4) 2S04 Cut 20 
Two (NH4)2S04 C u t s  Were PooTed 
3. 40-75% (NH4)2S04 Cut 
4. Desal ted Step 3 Sampl e 
5. Ion -exc h a n ge E l u a nt 
6. Gel Fil trati on 
a )  GF -PI I ( RNa s e  I I )  
b )  GF - P I I I  ( RNa s e  I )  
7. Aff i n i ty Chromatography 
R Na s e-P I I I H 







En zyme Tot a l  Prot e i n*  










Specific Reco very 
Act i v i ty** (%) 
2. 5 100 
6. 7 58 
6.8 50 




4430.0  3 
* See Materi al s and Methods for defi ni ti on of an enzyme unit and protein determination. 














Tabl e 3. A comparison of the effect of Triton X-100 on RNase recovery 
during DEAE-Sepharose ion exchange of protein extracts* from 
each winter barl ey cultivar 
Hardy Non-Hardy 
29 
+Triton -Triton +Triton -Triton 
RNase units** applied 
to the column 1624 1230 1909 17 14 
RNase units recovered 
by 500 mM KCl elution 1050 358 1230 625 
Percent recovery 65'.t 29'.t 64'.t 36% 
* The soluble protein fraction used was obtained from a 40 to 80% 
(N H4 l 2S04 saturation cut of a 4-day shoot tissue extraction. About 
225  mg of protein was applied to a 2. 5 by 3. 0 em bed of DEAE Sepha­
rose and washed with 1 500 ml of buffer containing ( + )  or without (-) 
Triton X-100 before 500 mM KCl elution . 
** See Materials and Methods for definition of an enzyme unit. 
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Table 4. A comparison of RNase activity di stribution between GF -P r i 
and GF- P r r i from gel fiJ tration of each wi nter barley cultivar 
extract. 
Hardy Non-Ha� 
RNase units* applied 
to the gel filtration bed** 716 1230 
RNase contained 
in GF-P 1 1  fraction 
a ) Units of activity 459 338 
b ) % of total activity 64% 27% 




a Units of activity 103 428 
b ) % of total activity 14% 35% 
* See Materia 1 s and Methods for definition of an enzyme unit. 
** The soluble protein fraction used was the 500 mM KCl eluant from a 
DEAE-Sepharose column. The 500 mM KCl eluant was desalted and ly­
opholized and redissolved before application to the colu�n . 
Table 5.  A comparison of the amount of RNase bound by Concanavalin 
A - Sepharose from protein extracts* of two winter barley 
cultivars. 
Hardy Non-Hardy 
RNase units** applied 
to the column 1 190 1377 
RNase not bound 
by the Con-A 
a )  Units of ·activity 198 476  
b )  % of  total activity 16% - 34% 
RNase bound by 
the Con-A 
a·) Units of activity 525 36 1 
b )  % of total activity 44% 26% 
* The soluble protein fraction used was obtained from a 40 to 80% 
(NH4 l 2S04 saturation cut of a 4-day shoot tissue extraction. 
About 225 mg of protein was applied to a 2. 5 by 3 . 0 em bed of Con A 
-Sepharose. The bound enzyme was eluted with 500 mM a -methyl - 0-
mannoside. 
** See Materials and Methods for definition of an enzyme unit. 
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Table 6. Nuclease and ribonuclease determination in the GF- P 1 1  
and GF-P r 1 1  fractions from both cultivars of winter barley. 
Assays preformed with (+) and without (-) E DTA. 
RNase Assay Nuclease* Assay 
A260 A2 60 
+EDTA . -EDTA +EDTA -EDTA 
GF-P 1 1  (non-hardy) .26 .29 .30 .31 .06 .07 �07 .07 
GF- P 1 1 1  (non-hardy) .55 .56 .56 .54 .04 .04 .03 .04 
GF-P 1 1 (hardy) . 53 .55- .60 .6 1 .10 .11 .12 .10 
GF-P 1 1 1  (hardy) .42 .43 .40 .42 .05 .05 .05 .05 
Bl .04 Bl .04 
32 
* Same as RNase assay except DNA was substituted for RNA, with addition 
of 60 mM MgCl2. 
Table 7. A comparison of GF-P I I I  ( RNase I )  ahd GF- P I I  ( RNase I I )  








units of activity* 
% of total activity 
cultivar . ' 
units of activity* 
%of total activity 




18% - 82% 
* See Materials and Methods for defi nition of an enzyme unit. 
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4-day shoot t i ssue  
F rozen , pu l veri zed and 
mi xed wi t h  bu ffer and PVP 
275g -------- 275g 
Mi rac l ot h  fi l t rat i on -----,+-- ----------1,, 
Step 1 .  Cent ri fugat i on 
( 3  h r .  at 143 , 000g ) 
Fi l trate F i l t rate 
t !. 
Cent ri fuge Cent r1 fu ge 
Step 2 .  40-80% ( NH4 ) 2S04 
P reci p i
_
























Di s so l ve i n  20 ml of 




























c1p i tate 
+ 
Step 3 .  40- 75% ( NH4 ) 2 S04 p reci p i tat i on 
D i s so l ve i n  20 ml of 
50 mM Tri s -pH  7 . 4 
Step 4 . Des a l t i n g  ( P-6 DG ) 
Step 5 . Ion-exch ange ( DEAE-Sepharose ) 
Step 6 .  Gel F i l t rati on  ( P-100) 
80% ( NH4 ) 2S04 
p reci p i tates poo l ed 
l 
Preci p i tate 
i 
( NH4 ) 2S04 Prec i p i t ated 
· R Nase fract i on 
! 
Des a l ted R Nase  Fract i on 
! 
RNase Fract i on  ( 500 mM KCl ) 
I 
RNase-P I I I  
F i gu re 1. Pu ri fi cat i on schedu l e  for p l ant RNase . 
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Fi gure 2. Bio-Gel P-1 00 gel filtration of the DEAE- Sepharose fracti on 
from the non�hardy culti var. Approximately 900 units of 
enzyme i n  2 ml were app li ed to the column. Gel bed dimensi on : 
2.6 x 94 e m � elution buffer: 50 mM Tris-HCl , pH 7. 4, with 
1 25 mM sucrose and 100 mM KCl : flow rate : 7ml/hr. · P rote i n 
was estimated at 280 nm absorbance, the RNase assay products 
were measured at 260 nm and the pNPPas e  assay products were 
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Fi gure 3. Bi o-Gel P-100 gel fi ltration of the DEAE-Sepharose fraction 
from the hardy cultivar .  Approximat ely 800 units of enzyme 
i n  3 ml were applied to the column . Gel bed dimension : 
2 .6 x 9 4 e m ; elution bu ffer: 50 mM Tris-HCl, pH . 7.4, with 
125  mM sucrose and 100 mM KCl ; flow rat e: 7 ml/hr. Protein 
was estimated at 280 nm  absorbance, the RNase assay products 
were measured at 260 n m  and the pNPPase assay products were 
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FR A C T I O N  
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Fi gu re 4. Uri di ne - 2 ' { 3 1 ) - p hosp hate-agarose affi n i ty ch roma t o g ra p hy 
e l ut i on p rof i l es of GF-P r r r from the non -ha rdy cu l t i v a r  
{ l eft pane l ) an d  t h e  ha rdy cu l t i va r ( ri ght pan e l ) . App rox ­
i mat e l y  3 5 0  u n i t s  o f  enzyme i n  10  m l  were app l i ed t o  the 
c o l umn . Ge l bed di wens i on :  1 . 2 5  x 1 . 5  em ; eq u i l i b rat i n g  
bu ffer : 20 mM KAc - pH 5 . 0 ,  wi t h  0 . 0 1% Tri t on X - 100 ; e l ut i on 
bu ffer : 20 mM KAc - pH 5 . 0 , wi th  0 . 0 1% Tr i t on X- 100 and  5 00 
mM KC l ; f l ow rate : 1 5  m l /h r .  The a rrows show the fra ct i on s  
where 1 0 0  m M  K C l  was added t o  t h e  was h  bu ffer a n d  whe re 500 
mM KC l wa s used to e l ute the R Na s e . The Tr i t on X - 100 u s ed 
i n  the bu ffer accou nts  fo r the hi gh back g rou nd abs orbance at 
2 80 .  
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Fi gu re 5 .  B i o-Ge l P- 100 ge l fi l t rati on  of the p rotei n fract i on  from the  
n on -ha rdy cu l t i va r  and  bou nd by Con A.  App roxi mat e l y  500 
u n i ts of enzyme . i n  3 ml  we re app l i ed to the co l umn . The 
R Na s e  as s ay p rodu cts were meas u red at 260 nm and the pNPPas e 
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F i gu re 6 .  B i o -Gel P- lOQ g e l  fi l t rat i on of the p rotei n fract i on  from the 
n on -h a rdy cu l t i va r  and not bou nd by Con A . App ro x i mat e l y  350 
u n i t s  of enzyme i n  3 m l  we re app l i ed to the  co l umn . The 
R Na s e  ass ay product s we re meas u red at 260 nm and  the  p NPPas e 
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F i gu re 7 .  B i o-Ge l  P- lOQ ge l  fi l t rat i on of the p rotei n fract i on from the 
h a rdy cu l t i va r  and bou nd by Con A .  App rox i mat e l y  5 00 u ni t s  
o f  enzyme i n  3 m l  we re app l i ed to t h e  co l umn . Prot ei n was 
e st i mated at 280 nm abs o rbance , t he R Na se as s ay p rodu ct s  
we re meas J red a t  260 n m  and the p NPPas e  as s ay product s  were 
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Fi gu re 8 .  B i o-Ge l  P- 100 gel  f i l t rat i on of the p rotei n fract i on from the 
h a rdy cu l t i va r  and not bou nd by Con A .  App roxi mat e l y  2 00 
u n i t s  of enzyme i n  3 m l  we re app l i ed to  the co l umn . Prote i n 
was est i mated at 280 nm abs orbance , the R Na s e  as s ay product s  
were mea s u red a t  2 6 0  n m  a n d  t h e  p NPPas e as s ay p rodu ct were 
meas u red at 420 nm . 
MW 66,000 -
MW •s,ooo -
MW 36,000 · -
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F i gu re 9. SDS-acry l ami de ge l , s i l ve r  st a i ned for p rote i n .  A 
d i a grammat i c  t race from a photograph  of the ac ry l ami de 
g e 1 ( 3 I 5 a ct u a l  s i z e } • 
a ) Mi xtu re of Cytoch rome C ( MW 1 2 , 400 } , G l y ce ra l dehyde - 3-
p hos p hate dehyd rogenase  ( MW 36 , 000 } , Egg  Al bumi n 
( MW 4 5 , 000 } , BSA ( MW 6 6 , 000 } 
b )  Panc reat i c R Na s e  A 
c )  Panc reat i c  R Na s e  B 
d )  GF - P I I H 
e ) GF- P I I I H 
f ) GF- P r i NH 
g ) G F-P I I I NH 
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Fi gu re 1 0 . A comp a ri spn  of the pH opt i mum for GF- P I I  ( RNase  I I )  and 
R Nase-P I I I  ( R Na s e  I ) . A 50 mM KAc bu ffer was u s ed fo r p H  
4 . 6 ,  5 . 0  a n d  5 . 4 ;  5 0  m M  Mes bu ffer was used  fo r p H  5 . 8 ,  6 . 2 , . 
6 . 6 a nd 7 . 0 .  
